ABSTRACT. In the present study, we examined histochemically the tissue distribution of dextran sulfate sodium (DSS) in the acute phase of murine colitis induced by administering DSS in the drinking water. DSS was mainly observed in the Kupffer cells of the liver, in the macrophages of the mesenteric lymph node (MLN) and in the lamina propria of the large intestine after administration of DSS. We followed the time course of DSS distribution and found that DSS, which was considered as a large and negatively charged molecule that can not easily cross membranes, was distributed in the liver, the MLN, and the large intestine 1 day after the start of administration of DSS.-KEY WORDS: colitis, dextran sulfate sodium, distribution.
such as the duodenum, jejunum, ileum, cecum, proximal colon, middle colon, and distal colon. The sections were stained with toluidine blue for the identification of sulfated polysaccharide by the metachromatic reaction at pH 2.5 [12] , and haematoxylin and eosin (H-E) for general examination.
A microscopic examination of the colitis induced by DSS showed a loss of the crypt as the earliest histological feature which was followed by a separation of the crypt base from the muscularis mucosa. These changes developed in the middle and distal portion of the colon 2 to 3 days after the start of the administration of DSS. An inflammatory infiltration was not apparent, and the surface epithelial cells still remained morphologically intact at this time point. On day 5 after the start of the administration of DSS, the loss of the crypt had extended to the entire colon, and a moderate inflammatory infiltration consisting of macrophages, PMNs, and lymphocytes was observed in the lamina propria and submucosa. The crypts were replaced by various amounts of inflammatory cells, and focal erosion was present at these sites. On day 7 after the start of the administration of DSS, the erosion and inflammation in the mucosa become more extensive. Both the severity and the occurrence of erosion tended to be more frequent in the distal portion compared to the proximal portion of the colon. These morphological changes were similar to those seen in previous reports [1, 11] .
The tissue distribution and time course changes of the metachromatic substances stained with toluidine blue after oral administration of DSS are summarized in Table 1 . The metachromatic substance was recognized as a coarse-granule in the liver, the MLN, the spleen, the large intestine, the small intestine, and the kidney. The metachromatic substance was most prominent in the liver and MLN on day 7 after the start of the administration of DSS. In other tissues, the metachromatic reaction was not apparently except for metachromatic mast cells granules. In the liver, the metachromatic substances were present in the cytoplasm of sinusoidal Kupffer cells, but not in the mesenchymal cells (Fig. 1C) . In the MLN, the metachromatic substance was seen in the macrophages of the subcapslar sinus (Fig. Dextran sulfate sodium (DSS) is a heparin-like polysaccharide containing up to three sulfate groups per glucose molecule [13] . When 3 to 5% solutions of DSS are given to laboratory animals such as mouse [1, 2, 11] rat [15] , and guinea pig [6, 7] via drinking water, these animals develop a colitis with ulceration resembling that of human ulcerative colitis (UC). Thus, they have been used as an animal model for human UC. However, the exact mechanism of induction and pathogenesis in DSS-induced colitis is still unknown. Concerning the uptake and tissue distribution of DSS, it was reported that orally administered DSS was taken up by macrophages in inflamed mucosa, spleen, and mesenteric lymph node (MLN) during the chronic phase of colitis in mice [11] . However, there is little information about the uptake and tissue distribution of DSS during the acute phase of colitis. In the present study we examined by using histochemical techniques the uptake and tissue distribution of DSS during the acute phase of DSS-induced murine colitis.
Female BALB/c Cr Slc mice (Japan SLC Co., Shizuoka, Japan) were used in this study. All mice were 6 to 7 weeks of age at the beginning of the experiment. They were kept under constant temperature (22 ± 2˚C) and humidity (55 ± 5%). The mice were fed an autoclaved commercial diet (CA-1, Japan CLEA, Tokyo, Japan) ad libitum. For the administration of DSS, the mice were given 5% (w/v) DSS (ICN Biochemical Inc., CA, U.S.A., MW=40,000), in drinking water ad libitum. The study design was approved by the Saga Medical School Animal Experimentation Committee.
On the day 1, 2, 3, 5, and 7 after the start of administration of DSS, the mice (n=3) were sacrificed by cervical spine dislocation for histochemical analysis. Tissue samples from various organs including brain, lung, heart, liver, kidney, thymus, spleen, MLN, stomach, small intestine, and large intestine were dissected out and fixed in Carnoy's solution. After fixation, these specimens were embedded in paraffin wax and cut into 4-6 µm sections by the routine procedure. In the small and large intestine, at least 3 transverse sections were prepared from each portion 1F). These metachromatic substances were already recognized 1 day after the start of administration of DSS (Fig. 1B, 1E ). In the large intestine, the metachromatic substance was first observed in basal pericryptal macrophages in the lamina propria (Fig. 1H) . On day 5 and 7 after the start of administration of DSS the metachromatic substance was seen in the swelling macrophages in the inflamed areas of the lamina propria and submucosa of the middle and distal colon (Fig. 1I) . In the spleen, the metachromatic substance was seen in a few macrophages in red pulp cord 3 days after the start of administration of DSS. In the small intestine and kidney, the metachromatic substances were seen in a few macrophages in the subepithelial region, and in the epithelial cells of the proximal renal tubule, respectively. These metachromatic substances were only seen on day 7 after the start of administration of DSS.
In histochemical analysis, sulfated polysaccharide is detectable by the metachromatic reaction of toluidine blue staining [12] . The metachromatic reaction occurs not only with external administered sulfated polysaccharide but also with endogenous mast cell granules [12] . However, the metachromatic substance in the cytoplasm of the macrophages was relatively larger than the granules of mast cells. Thus, it was possible to distinguish between the administered sulfated polysaccharide and the mast cell granules.
In previous studies, Okayasu et al. [11] demonstrated the presence of DSS phagocytosed by macrophages in the inflamed mucosa, the MLN, and the spleen during the chronic phase of murine colitis induced by DSS. Hoshi's group also reported the uptake of DSS by macrophages in the lamina propria and mucosal epithelial cells of the cecum in guinea pigs [6, 7] . However, they did not describe the distribution of DSS in other tissue after oral administration of DSS. In the present study, during the acute phase of colitis induced by DSS in mice, we confirmed by histochemical analysis that orally administered DSS was mainly detected in the liver Kupffer cells and in macrophages in the MLN and large intestine.
In the spleen, on the other hand, the metachromatic substance was not prominent, although considerable amounts are observed during the chronic phase of murine colitis induced by DSS [11] . The elimination of foreign materials from circulation is thought to be the function of the mononuclear phagocytic system (MPS). The liver Kupffer cell is considered as a major member of the MPS [4] . Based on our data on the tissue distribution of DSS, DSS appears to be mainly processed by the Kupffer cell of the liver. However, the processing of DSS by Kupffer cells appears to be a lengthy process, because we found that the metachromatic substance in Kupffer cell could still be seen even 8 weeks after a 5 day-administration of DSS (data not shown). Therefore, when the processing capacity of Kupffer cell is exceeded, DSS may be processed by the macrophages in the spleen next to the Kupffer cells.
The presence of metachromatic substance in the kidney and small intestine on day 7 after the start of administration of DSS, may indicate that the process of excretion of absorbed DSS had begun, urine and feces are the major excretion routes when DSS is injected intravenously into the rat [3] .
The involvement of DSS uptake by the MPS including Kupffer cells in the induction and pathogenesis of DSSinduced colitis is not clear. It was reported that the accumulation of DSS in macrophages lowered their bacterial phagocytic ability [10] . Moreover, impaired function of the MPS is believed to predispose animals to infections [4] . Therefore, the accumulation of DSS in the MPS may increase susceptibility to luminal bacterial invasion from mucosal lesions during the colitis.
In general, DSS is considered to be a large and negatively charged molecule that can not easily cross membranes [8] . However, the existence of metachromatic substances in the liver Kupffer cells and macrophages in the MLN and the large intestine 1 day after the start of administration of DSS indicates that even large molecules such as DSS (MW=40,000 was used in this study) may penetrate to some extent the mucosal membrane in the large intestine of mice. The amount of DSS that passes the mucosal membrane is thought to quite small. The mechanism of how DSS passes through the mucosal epithelial cell remains uncertain. However, fluid and solute transport across the intestinal mucosal membrane are considered to occur both transcellularly and paracellularly. The latter route, mediated via tight junctions, is more important for the permeation of medium-size and larger compounds [5, 14] . Therefore, the paracellular route, via tight junction, could be a major route for the permeation of DSS. Moreover, it was reported that DSS may have a mild toxic effect on mucosal epithelial cells [9] , indicating that DSS may increase the colonic mucosal permeability to allow permeation of large molecules such as DSS.
